2nd & 3rd Generation 



ST Day 2000: Reducing Risk for the Next Generations 


♦ 3rd Generation Vehicle Subsystems 
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Agenda 


♦ Earth-to-Orbit : 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Vehicle Subsystems Project, 3nd Gen 



♦ Technology Objectives: 

• Design, develop and test advanced avionics, power systems, 
power control and distribution components and subsystems for 
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Vehicle Subsystems Project, 3nd Gen 
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3rd Gen. Project Management Structure 










♦ Achieve 100% Reliability 
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3rd Gen. Technical Challenges 



Launch Technologies Project 
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3rd Gen. Launch Technology Roadmap 
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‘ST Day 2000: Reducing Risk for the Next Generations ” - 2nd & 3rd Generation Vehicle Subsystems 

3rd Gen. Avionics Technology Working Group 
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3rd Gen. Power Technology Working Group 



University Studies (Cornell University) 

Kathryn Caggiano (Cornell University) (607) 255-0698 
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3rd Gen. Subsystems Presenter Contact Info. 



Supporting the NASA RLV Program 
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Cornell Project Objective 
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Overview 



♦ RLV Ground Main 
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System Framework 



Scheduled 
maintenance cycle 
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RLV Maintenance Cycles 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

RLV Ground Maintenance 





RLV Begins 
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LRU Repair Process 
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SRU Repair Process 
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LRU Repair Cycle Time 
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Overview 
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Analysis Tools 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Mathematical Model 





Considerations: 

♦ RLV maintenance schedule parameters (x, y, etc.) 

♦ Times at which LRUs are tested (relative to x) 
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Mathematical Model 



I LRU 1 Checked 
I LRU 2 Checked 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Example 


Outline of Method: 
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Determining Spare Levels 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

SRU Tradeoff Curve 



Outline of Method: 

♦ For each LRU type, build the SRU tradeoff curve. 
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Determining Spare Levels 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

LRU Family Tradeoff Curve 



Outline of Method: 

♦ For each LRU type, build the SRU tradeoff curve. 
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Determining Spare Levels 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Overall Tradeoff Curve 
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Simulation Model 






Considerations: 
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‘S7 Day 2000; Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Simulation Model Features 



♦ Identify Events 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

A Model of RLV Repairs 




‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Overview 






♦ Validate models with realistic data 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Next Steps 



SFINIX 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

SFINX (3rd Gen.) 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Today’s Reusable Spacecraft Utilize 

Extensive I/O Electronics 



♦ Extensive wiring is expensive to install, 



ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

I/O Installation and Development Discourages Use of 
Electronically Controlled and Fault-tolerant Functions 
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♦ Reduced avionics weight 

• less wiring and fewer connectors 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Why Use Smart Sensors and Actuators? 



Traditional Installation Network of Smart I/O 
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Networks of “Smart” I/O Can Address 

these Problems 
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Smart” Network I/O electronics are widely available 
• automotive (CAN bus, J1850,...) 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

SFINX Challenge - Apply “Smart” I/O 
Networks to Critical Spacecraft Functions 
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“S7 Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

SFINX Requirements - Transducer Network Concept 




Test computer (PC) to control the buses, display 
sensor data and send actuator commands 
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SFINX Hardware Demonstration of 
a Small Scale Sensor / Actuator Network 



FY01 --Demonstrate hardware and software for both RF and 
2-wire system 
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Future Plans... 



High-Performance Guidance & Control 
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ST Day 2000: Reducing Risk for the Next Generations 



♦ Motivation for Project 


</> 

o 

> 






(/> 





ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Briefing Overview 



♦ Future launch vehicles will continue to have thin 
performance margins - through diverse, complex, and 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Motivation (1) 



Airline-like” commercial operation infeasible without 
lutomation of auidance & control desian/abort/contini 
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Motivation (2) 



♦ Develop theory and computational techniques for: 

• high-performance (l.e. optimal) inner/outer loop control which reliably 

- accommodates and exploits propulsion/airframe interactions 
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Technology Goals & Objectives 



♦ People: 
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‘ST Day 2000: Reducing Risk for the Next Generations" - 2nd & 3rd Generation Vehicle Subsystems 

Institutional Structure of Effort 



♦ This work extends from GN&C technology developed under 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - 2nd & 3rd Generation Vehicle Subsystems 

Background of Effort 



♦ NOC technique being refined... 

• current mix of Matlab and FORTRAN90 software shifting entirely 
to the latter 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Current Status (1) 



♦ MSFC starting an extension of INS/GPS evaluation 
and development lab to interface with MAST for 



‘ST Day 2000: Reducing Risk for the Next Generations’’- 2nd & 3rd Generation Vehicle Subsystems 

Current Status (2) 



Aero testing in progress for 
powered flight 
System certified for safe 
operation 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Flying Flexible Fixture Status 



♦ Develop and test GN&C 
blending filters 




‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Robust Navigation and Guidance 




(4Q) Complete hardware integration of INS/GPS evaluation and 
development lab. 

- Output: lab will be available for developing open-loop sims of 


0 

0 

- £ 
£ 0 

1 0 

t °- 

c r. 

0 x 

2 Z 

U) ~n 

5 8 

° X 

0 J2 

- 3 

E Q. 
W 5. 

C €/> 
= © 

1 1 

s w 

LL O 
O o 6 
Q O 
<o u. 
O O 

0 o 

c £ 
0) (0 
o> x 

CL =» 

if) O ^ 

o®0 

3 ® 0£ 

o Q w 

0 2^-5 

o < 

S2 


0 

c ^ 
0 .2 

^ 0 

3 13 

05 0 

* 5 


~ 0 
Q. if) 
>» 0 

O -9 

O £ 
ir o 
CL ’4= 

0 E 


3 o -- 

3 0 

(/) 0 JZ 

* 1? 

O 00 

z_ > - 

AN 0 0 

<2 ® ® a? 
# «f 3 
TO | 1 J 

3 •! £ O 

W TO i5 

^ • 

a: « S-r 

QJ L 3 § 

>0O8 


if) 

O (/) 

■ » MM 

E £ 
0 

c 0 

■O 0 

0 "O 

1 § 

? § 

o 0 
u o 

0 4 = 

c ^ 
0 o 

E E 
0 i_ 

LU £ 


O I 


2 ~D 

ts 3 

— 0 
0 »_ 
73 0 
O ~D 

II 

.£ o 

0 

t (D 
0 > 

C ^ 

| £ 

0 3 

= £ 
m ^ 

5 2 

O 0 

Si 

~ 2 

c 0 

o 3 
c a 
0.0 
0 Q- 
0 • 
> 3 

a 

O 1 . 

.0 


‘ST Day 2000: Reducing Risk for the Next Generations ” - 2nd & 3rd Generation Vehicle Subsystems 

Near-Term Milestones 



Evolvable Hardware 
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ST Day 2000: Reducing Risk for the Next Generations 



♦ We propose to develop “evolvable” circuits that would self-reconfigure 
under the control of biologically inspired genetic and evolutionary 
algorithms and would be directly implemented/integrated with the 
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'ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Technology Goals and Objectives 


Generation change: fixed hardware, reconfigurable hardware, evolvable hardware 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Technology Goals: 3rd Gen. Avionics 
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‘S7 Day 2000: Reducing Risk for the Next Generations ” - 2nd & 3rd Generation Vehicle Subsystems 

Background: Motivation 



Evolvable Hardware = Reconfigurable Mechanism + Reconflgurable Hardware 



ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Background: Evolvable Hardware 




ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Current Status: Evolutionary synthesis and 

adaptation of electronic circuits 
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Chips under test the hardware 

ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Current Status: Testbed 


FY99 FYOO FYOI 






♦ Evolutionary circuit synthesis and repair 
• Synthesis 

-Analog computational circuits (fuzzy neuron, multipliers) 




ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Major Accomplishments: EHW Experiments 





♦ Demonstration of EHW on a PCI card 

• Two chips, one for Field Programmable Transistor Array 
and one for Evolutionary Processor 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Near term plans :FY01 




Phase 1: Conceptual development of a “die-hard” architecture, 
i.e. a way of distributing the adaptation/self-configuration mechanism 
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ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Plans 



Risks 

• Evolution time is currently around minutes. It must be reduced to a few 
seconds, otherwise only non-time-critical applications may be impacted. 

• Scalability of the evolutionary approach to complex electronics systems still 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Risks, Pay-off 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Conclusion 


Advanced Electric Actuation Devices 
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S7 Day 2000: Reducing Risk for the Next Generations 
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‘S7 Day 2000; Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Advanced EA Devices 



♦ Background 

• For Launch vehicles, current SOA - hard switched motor drives 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Advanced EA Devices 



♦ Major accomplishments: 

• New start 




‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Advanced EA Devices 



Hybrid Power Sources and 
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ST Day 2000: Reducing Risk for the Next Generations 



Develop advanced proton-exchange-membrane fuel cell (PEMFC) technology 
as a replacement for existing alkaline fuel cell (AFC) technology 
• Enhanced safety 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

2 nd Gen RLV Program: 
Technology Goals and Objectives 



♦ Background: 

• Hybrid sources needed for advanced power systems due to hi 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 



♦ Technology Goal: 

• Develop high power density, low ESR supercapacitors to provide 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 


♦ Major Accomplishments: 

• Under Bantam program, NASA has developed; 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Hybrid Sources and Regen. Energy 



Intelligent Internal Thermal Control 
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'ST Day 2000: Reducing Risk for the Next Generations 



♦ Technology Goals and Objectives 

• Develop a Passive Method to Remove Heat from Power 
Electronics at the Chip Level 

- Must Perform during Ascent, On-orbit, and Descent 
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‘S7“ Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Intelligent Internal Thermal Control 



First Concepts: Integrated Silicon Loop Heat Pipe on a Chip 

Liquid Reservoir 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Intelligent Internal Thermal Control 



Close - Up : Silicon Wick Structure 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Intelligent Internal Thermal Control 



Success Will Translate into Greater Reliability 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Intelligent Internal Thermal Control 
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‘S7" Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Intelligent Internal Thermal Control 



Vehicle Subsystems Project, 



ST Day 2000: Reducing Risk for the Next Generations 



♦ Vehicle Subsystems Project Mike Skor 




‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Agenda 



♦ NASA’s highest priority goals for the 2nd Gen RLV Program are 
improved safety and reduced cost to orbit 
• lOx cheaper, < $1 000/lb of payload to orbit 
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‘ST Day 2000: Reducing Risk for the Next Generations ” - 2nd & 3rd Generation Vehicle Subsystems 

Overview 



♦ Project objectives 

• Consistent with system engineering processes -- 

• Develop and demonstrate: 

• Advanced, integrated, micro avionics, autonomoi 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Project Objectives & Management Structure 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - 2nd & 3rd Generation Vehicle Subsystems 

Vehicle Subsystems Roadmap 
















Avionics Power 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Project Working Groups 


Proiect/Element Contacts 

Phone e-mail 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Points of Contacts 



Technical Contacts (cont.) 

Avionics Hardware phone e-mail 

Ricky Humphries 256-544-3575 ricky.humphries@msfc.nasa.gov 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - 2nd <& 3rd Generation Vehicle Subsystems 

Points of Contacts 


Vehicle Subsystems Project, 2 nd Gen 
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ST Day 2000: Reducing Risk for the Next Generations 



Develop advanced proton-exchange-membrane fuel cell (PEMFC) technology 
as a replacement for existing alkaline fuel cell (AFC) technology 
• Enhanced safety 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Technology Goals and Objectives 



NASA first developed PEMFC technology for Gemini in the 1960’s 
• Low power 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Background 



NASA team (JSC, GRC, KSC) proposed PEMFC technology for Shuttle 
Upgrade Program in mid 1990’s 

• JSC awarded study contracts to two potential vendors (AlliedSignal, IFC) 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - 2nd & 3rd Generation Vehicle Subsystems 

Background Continued 



Safety/Reliability 

• Reduced hazardous materials in fuel cell stack (no KOH, no asbestos) 

• Reduced critical failure modes (hydrogen over-pressurization, electrolyte 
wash-out) 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Benefits (PEMFC vs. AFC Technologies) 



PEMFC commercial vendors nearing market readiness for H 2 /air systems 

• Full production for automotive model vehicle line by mid-decade 

• Residential fuel cell unit within several years 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Current Status 



♦ NRA 8-21 PEMFC stack development nearing completion 
• Successful component development 

- Membrane/electrode assemblies, bipolar plates, current collectors 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Major Accomplishments 



♦ NASA-led PEMFC powerplant development proposal selected for 2 nd 
Gen RLV Program 

• Experienced NASA team (GRC - lead, JSC, KSC, MSFC) 

• NASA develops system requirements and design specifications 
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‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Plans 



♦ NASA PEMFC team 



‘ST Day 2000: Reducing Risk for the Next Generations” - 2nd & 3rd Generation Vehicle Subsystems 

Points of Contact 
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